> Eddy covariance and sap-flow techniques allow a better comprehension of the combined roles of actual crop transpiration and soil evaporation.
Further researches are however necessary to extent the experimental dataset to periods 23
characterized by values of soil evaporation higher than those observed, in order to verify the crop 24 coefficients even under different conditions than those investigated. 25
INTRODUCTION 26
In the last decade, observations of physical processes developing in the Soil-Plant-Atmosphere 27 (SPA) continuum become fundamental for agricultural water management, especially in arid and 28 semi-arid ecosystems (Noy-Meir, 1973) , where water is a limiting factor of the production, and the 29 application of precision irrigation represents an appropriate management strategy. The development 30 of precision irrigation aimed to reduce irrigation plays a major role in Mediterranean countries, 31 where the reduction of water availability in the last 20 years has been observed (UNEP/MAP-32
PlanBleu, 2009). 33
At present, studies on the dynamic of trees transpiration (T), field evapotranspiration (ET) and soil 34 water content (SWC) in areas characterized by sparse drought-resistant crops like olives groves, 35 represent one of the most appealing challenges of agro-hydrological researches. In this context, 36 particular relevance assumes the partition of actual ET in crop transpiration (T) and soil evaporation 37 (E), because only the first term is essentially related to the crop water requirement and stress 38 condition (Jackson et al., 1981) . This interest is enhanced by the large variability in both space and 39 time of these two components (Kemp et al., 1997; Smith et al., 1995) . 40
The assessment of actual olive evapotranspiration, ET, and its partitioning, can be achieved with 41 different methodologies. Whole actual evapotranspiration is commonly obtained using micro-42 meteorological techniques, i.e. by measuring the total water vapour fluxes with the Eddy 43
Covariance (EC) technique, representing at present the best known and widely accepted 44 methodology (Verstraeten et al., 2009) . 45
The role of soil evaporation in sparse vegetated areas can be relevant, particularly when the fraction 46 of exposed soil is predominant (Heilman et al., 1994; Savage et al., 2000) . This means that under 47 m -3 . 113
Micrometeorological fluxes measurements 114
Energy balance and evapotranspiration measurements were performed using the Eddy Correlation 115 (EC) method (Rosenberg et al., 1983; Kaimal and Finnigan, 1994; Stull, 1988) vertical wind speed and the water vapour density.
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The auxiliary experimental set-up is also constituted by net radiometer, to measure net radiation, R n , 127 and self-calibrated flux plates, to measure soil heat flux, G 0 . 128
The energy balance closure can be tested considering the closure ratio, CR, evaluated as: 129
This ratio, as suggested by Prueger et al. (2005) , has to be computed only from the subset of data 131 for which R n is higher than 100 W m -2 . For the following analysis, the surface balance closure was 132 forced according to the procedure proposed by Twine et al. (2000) , in order to keep constant the 133 observed Bowen ratio between the sensible and latent heat fluxes. 134
In the centre of the experimental area ( Fig. 1) an EC tower has been installed. The system allows to 135 obtain high frequency measurements of the three wind components and the H 2 O and CO 2 136
concentrations by means of a three dimensional sonic anemometer (CSAT3-3D, Campbell 137 Scientific Inc.) and an infrared open-path gas analyzer (LI7500, Li-cor Biosciences Inc.), 138
respectively. Both the instruments were installed at an elevation of 7 m above the ground; the 139 sample frequency for the raw data was equal to 20 Hz. 140
The auxiliary experimental set-up is represented by a low frequency (30-min), 4-components net 141 radiometer (CNR-1 Kipp & Zonen) located at an elevation of 8.5 m and two self-calibrated flux 142 plates (HFP01SC, Hukseflux) placed respectively in the exposed and shadowed bare soil, at a depth 143 of about 0.1 m. All the data (high and low frequency) were stored in a CR5000 data logger 144 (Campbell Scientific Inc.) equipped with a PCMCIA memory card. 145 EC footprint was computed with the model proposed by Kormann and Meixner (2000) , based on 146 the analytical solution of the two-dimensional advection-diffusion equation for non-neutral 147 stratifications. Fig. 1 The Heat Dissipation Technique, HDT, (Granier, 1985) allows to obtain the sap velocity by 155 measuring difference of temperature between a heated and an unheated needle inserted radially into 156 the sap wood. Therefore, the probe measures the heat dissipation in the sapwood, increasing with 157 the sap flow. When the sap velocity is minimal, the temperature difference () between the two 158 sensors is maximal ( max ); for practical purposes,  max is assumed to correspond to the zero flow Hourly measurements of sap velocity were acquired on three olive trees by using, for each of them, 167 two standard thermal dissipation probes (SFS2 TypM-M; UP GmbH) installed into the trunk, at a 168 height of about 0.4 m from the ground level. According to the footprint analysis, the position of the 169 trees was chosen inside the area where the "relative normalized contribution" to flux was estimated 170 near to the maximum (Fig. 1) . Moreover, the three plants were selected according to their trunk 171 diameter, so that they can be considered representative of entire experimental plot. 172
In all the trees, both the sap flow probes were installed on the north side of the trunk and then 173 insulated, to avoid the direct sun exposure.
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At the end of the experiments, the sapwood area was determined by a colorimetric method, on a 175 total of six wood carrots extracted with a Pressler gimlet on the same three trees, in between each 176 couple of the sap flow needles. The conductive section was identified by adding methyl-orange to 177 the carrot, in order to enhance the difference between the sapwood and the heartwood. ) The values of LAI and LAI p were estimated from in-situ observations, collected with a hand-held 221 optic sensor (Villalobos et al., 1995) even if it has been recently demonstrated that, in absence of 222 11 direct measurements, high resolution remote sensing images can be used (Cammalleri et al., 223 2010b) . For the examined conditions LAI resulted about to 0.89, whereas LAI p was about 1.27. 224
Crop coefficients were evaluated according to the FAO-56 procedure (Allen et al., 1998) The evaporation coefficient, K e , can be also derived following the procedure described in Allen et 242 al., (1998), requiring, however, to measure soil water contents in the topsoil. 243
When water stress is absent, (K s =1), and soil evaporation is negligible, K cb +K e returns to the 244 standard crop coefficient K c , as described in the "single" approach (Doorenbos and Pruitt, 1977; 245 Allen et al., 1998) , commonly used to compute the potential evapotranspiration, ET p , as: 246 , the lack of EC measurements did not allow to 295 evaluate soil evaporation, so that only a general reduction of T can be observed. 296
A relevant contribution of soil evaporation can be detected after DOY 233 (E =1.33 mm d -1 ), due to 297 the rainfall event, wetting the entire extension of the topsoil surface. Furthermore, the limited 298 irrigation volume did not produce any significant effect in SWC r and accordingly the dynamic of 299 crop transpiration did not change. 300 The average values of decadal crop coefficients, as well as T/ET 0 and E/ET 0 ratios, cannot be 303 directly related to a single factor, depending on the combined effects of ET 0 and SWC. Authors (Villalobos et al., 2000; Testi et al., 2004) . Particularly the average value of K cb , K e and K c 337 resulted not significantly different during both the considered years. The experiments confirmed 338 that "seasonal" K c coefficients for the investigated crop can be assumed equal to 0.65, as proposed 339
by Allen et al. (1998) . 340
Moreover it is interesting to notice that again the ratio T/T p at decadal scale is more variable than 341 Table Caption List.doc
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